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@ SlnmltaneouscatalytfebydrocfacUiwandbyibodewa^ 

@ Heavy oils are sintultaneously subjected to hydrocradc- 
ing and dewaxing using a catalyst based on zeolite beta 
together with a hydrogenation component- the process is 
able to effect a bulic conversion of the oil while, at the same 
time, yielding a low pour point product 
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SIKULTAhEDUS CATALVTIC HYDROCRACKING AND 
HVDRODEWAXING OF HYDROCARBON OILS WITH ZEOLITE BETA 



This invention relates to a process for catalytically 
hydrocracking and hydrodeuaxing hydrocarbon charge stocks to produce 
low pour point distillates and heavy fuel oils of reduced viscosity. 

Catalytic dewaxing of hydrocarbon oils to reduce the 
temperature at uhich separati(»i of waxy hydrocarbons occurs is a 
known process. A process of that nature is described in The Oil and 
tas Journal dated January 6, 1975j at pages 69-73. Also, U.S. 
Patent 3,668,113 and U.S. Patent 3,894,938 describe dewaxif^ 
followed by hydrofinishing. 

Reissue F^tent Ko. 28,398 describes a process for catalytic 
dewaxing with a catalyst coniprisir^ a zeolite of the ZSM-5 type. A 
hydroc^ration/dehydrogenfition cojnponsnt may be present. 

A process for hydrodewaxir^ a gas oil with a type 
catalyst is described in U.S. Patent 3,956,102. 

A (itordsnite catalyst containlr^ a Group VI or a GEOup Vlll 
jstetal is used to dewax a low Vd. distillate from a waxy crude, as 
described in U.S. Patent 4,110,056. 

U.S. Patent 3,755,138 describes a process for naild solvent 
dewaxing to remove high quality wax from a lube stock, which is then 
catalytically dewaxed to specification pour point. 

U.S. Patent 3,923,641 describes a process for hydrocrackir^ 
raptros using zeolite beta as a catalyst. 

t^drocracking is a well known process and various zeolite 
catalysts teve been Qiq)loyed in hydrocracking processes but althoi^ 
they may be effective in providing distillate yields having one or 
ntore properties consistent with the intended use of the distillate, 
these catalysts have, in general, suffered the disadvantage of not 
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pzovlding pro(&K:t yields having good lou temperature fluidity 
characteristics 9 especially recced pour point and viscosity o The 
catalysts used for hydrocracking comprise an acid ccntponent esvi a 
hydrogenation coniponent. The hydrogenation conponent may be a noble 
metal such as platinusn or palladiijan or a non=noble metal such as 
nickel, mtolybdemiin or tungsten or a comblnaticm of these metals. 
The acidic craddng component may be an amorphous material such as 
an acidic clay or amor^^us silica-^alunina or, alternatively, a 
zeolite. Large pore zeolites such as zeolites X and Y have been 
conventionally used for this purpose because the principal 
coBijMjrents of the fe^tocks (gas oils, coker bottoms, redi«ed 
crudesj, recycle oils, FCC bottoms) are higher molecular weight 
hydrocarbons which will not enter the internal pore structure of the 
smaller pore zeolites and therefore will not undergo conversion. 
So, if waxy feedstocks such as .flmal Oil are hydrocracked with a 
large pore catalyst Skidn as zeolite Y in combination with a 
hydrogenation craiponent, the viscosity of the oil is reduced by 
cracking most of the 343*»C+ material into material that boils at 
3A30C to l^S^C. The renalnder of the 343»C* material that is not 
converted contains the majority of the paraf flnic components in the 
feedstock because the aronffltics are converted preferentially to the 
paraffins. Tte unconverted 343'»C+ material therefore retains a high 
pour point so that the final prodiK:t will also have a relatively 
high pons point of about lO^C. Thus, although the viscosity is 
retkiced, the pour point is still unacceptableo Even if the 
comlitions are adjusted to give conplete or nearly con^lete 
conversion, the hi^r molecular weight hydrocarbons, which are 
present in the feedstock, priraipally polycyclic aronatics, will be 
subjected to cracking so as to lead to further reductions in the 
viscosity of the product. The cracking prockcts, however, will 
include a siAistantial proportion of strai^t chain conporents 
(n-parafflns) which, if they are of sufficiently high molecular 
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weight thsBselves, as they often are, will constitute a waxy 
ccdnpcftant in the product. The final predict may therefore be 
proporticr^tely more waxy than the feedstock and, consec?ii8ntly, may 
have a pour point which is equally unsatisfactory or even more soo' 
A further disadvantage of operating under high conversion conditions 
is that the consumption of hydrogen is increasedo Attanpts to 
reduce the molecular weight of these straight chain paraffinic 
products will only serve to produce very li^t fractions for 
example, propane, so decreasing the desired liquid yield. 

In the dewaxing process, on the other hand, a small pore 
zeolite or a shape selective zeolite such as ZS4-5 is used as the 
acidic component of the catalyst and the normal and slightly 
branched chain paraffins which are present in the feedstock will be 
able to enter the internal pore structure of the zeolite so that 
they will undergo conversion. The nojor proporticm ~ typically 
about 70 percent of the. feedstock ~ boiling above M3°C will remain 
unconverted because the bulky aron»tic ccjnponents, especially the 
polycyclic aromatics, are unable to enter the zeolite. The 
paraffinic waxy coniponsnts will therefore be renoved so as to lower 
the pour point of the product but the other ccniponents will remain 
so that the firal product will have an ^acceptably high viscosity 
even thou^ the pour point my be satisfactory. 

It has now been fomd that heavy hydrocarbon oils may be 
simultanscusly hydrocracked and hydrodewaxed to produce a liquid 
product of satisfactory pour point and viscosity. This desirable 
result is obtainfid by the use of a catalyst which contains zeolite 
beta as an acidic ccjnponent to induce the cracking reactions. The 
catalyst preferably includes a hydrogenation component to induce 
hydrogenation reactions. The hydrogenation craiponent nay be a noble 
metal or a mm-nc^e metal and is suitably of a conventional type, 
for exesnple nickel, tungsten, cobalt, molybdenum or combinations of 
these metals. 



In accordance uith the inventic^, there is provided a 
process for crackir^ and dewaxing a heavy hydrocaition oil which 
comprises contacting the oil with a catalyst conprising zeolite beta. 

In the process of the invention, the hydrocarbon feedstock 
is heated with the catalyst under conversion conditions which are 
appropriate for hydrocracking. During the conversion, the aromatics 
and naphthenes which are present in the feedstock undergo 
hydrocracking reactions such as dealkylation, ring cpenir^ and 
cracking,- followed by hydro^nation. The long chain paraffins which 
are present in the feedstock, together with the paraffins produced 
by the hydrocracking of the arojiatics are, in addition, converted 
into products which are less waxy than the straight chain 
n-paraffins, thereby effectir^ a sinrultaneous dewaxing. The use of 
zeolite beta is believed to be imique in this respect, producing rrat 
only a reduction in the viscosity of the product by hydrocracking 
but also a sinrultaneous reduction in pour point by catalytic 
hydrodewaxingo 

The process enables heavy feedstocks such as gas oils 
boiling above 343*»C to be converted to distillate range products 
boiling below 343°C but in contrast to prior processes using large 
pore catalysts such as zeolite Y, the consumption of hydrc^en will 
be retkcced even thoi^ the product will conform to the desired 
specifications for jmjut point and viscosity. In contrast to 
dewaxing processes using shape selective catalysts such as zeolite 
ZS4-5, the bulk conversion including craddng of arcwatic components 
takes place, ensuring acceptably low viscosity in the distillate 
range product. Thus, the present process is capable of effecting a 
bulk conversion toother with a simultaneous dewaxing. Moreover, 
this is achieved with a retkxced hydrogen consianptlon as compared to 
the other types of process. It is also possible to operate at 
partial conversion, thus effecting economies in hydrogen consiMption 
while still meeting pour point and viscosity requirements. The 
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process also achieves enhanced selectivity for the production of 
distillate range materials 5 the yield of gas and products bolHrg 
beloH the distillate range Is reduced. 

As mentioned above, the process coaiblnes elements of 
hydrccracklng and dewaxlng. The catalyst used in the process has an 
acidic ccntpcnent and a hydrogenatlcn canponent which may be 
conventional in type. The acidic ccinponent contprlses zeolite beta, 
which is described in U.S. Patents 3,303,069 and Re 28,3A1 and 
reference is made to those patents for details of this zeolite and 
its preparation. 

Zeolite beta is a crystalline aluminosilicate zeolite 
teving a pore size greater than 5 AngstrraiSo The cojnposltion of the 
zeolite as described in U.S. Patents 3,303,069 and Re 28,341, in its 
as synthesized form may be expressed as follows? 

[)a<!a(l .Oio.l-X) TEAlAlOg. YSlOj. WHgO 

where X is less than 1, preferably less than 0,7; TEA represents the 
tetraethylfflnmoniujn ionj Y is greater than 5 but less than iCO and W 
is up to about 60 (it has been found that the degree of hydration 
nay be higher than originally determined, where W was defined as 
being up to 4), depending on the degree of hydraUon and the metal 
caUon presait. The TEA comporent is calculated by differences from 
the analyzed value of sodium and the theoretical 
catlon-to-structural aluminum ratio of isiity. 

In the fully base-exchanged form, beta has the compositions 

t^(ll0.1-X)H] o AIO2. YSi02. WH2O 

where X, Y and W have the values listed above and n is the valence 
of the metal M. 



In the partly base-^exchar^ed fonn ^hich is obtained from 
the initial sodium f osm of the zeolite by ion exchange without 
calcining, zeolite beta has the formula s 

[^(li0.1-X)TEA]A102oYSi02olSlH20 

When it is used in the catalysts, the zeolite is at least 
partly in the hydrogen form in order to provide the desired acidic 
functionality for the cracking reactions which are to take place? 
It is nornally preferred to use the zeolite in a form which has 
sufficient acidic functionality to give it an alpha value of 1 or 
fltore« The alpha value, a measure of zeolite acidic fmctionality, 
is described, together with details of its measurement in UoS. 
Patent 4,016,218 and in J. Catalysis, Vol. VI, pages 278-287 (1966) 
and reference is made to those publications for such details » The 
acidic ftmctionality may be controlled by base exchange of the 
zeolite, especially with alkali metal cations such as sodiim, by 
steaming or by control of the silicasalumina ratio of the zeolitOo 

Uhen synthesized in the alkali metal form, zeolite beta may 
be converted to the hydrogen form by fomsition of the intermediate 
annitoniuiD form as a result of annitonium ion exchange and calcinaticm 
of the amntoniim form to yield tte hydrogen form. In addition to the 
hydros form, other forms of the zralite wherein the original 
alkali metal has been reduced to less than about 1.5 percent by 
wei^t my be used. Thus, the original alkali netal of the zeolite 
nay be replaced by ion exchar^e with other suitable metal cations 
including, by way of exai^le, nickel, copper, ziru:, palladium, 
calcium and rare earth metals. 

Zeolite beta, in addition to possessing a conposition as 
ctefined above, may also be characterized by its X-ray diffraction 
data which are set out in U.S. Patents 3,308,069 and Re. 28,341. 
The significant d values (Angstroms, radiations K alpha doublet of 
copper, Geiger comter spectrometer) are as shown in Table 1 below s 
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TABLE 1 

d Values of Reflections in Zeolite Beta 
11.40 + 0.2 

7.40 + 0.2 

6o70 + 0.2 
4.25 + 0.1 
3.97 + 0.1 
3,00 + 0.1 
2.20 + 0.1 

The Ftteferred forms of zeolite beta for use in the process are the 

high silica forms, having a silica saliMna ratio of at least 30il. 

It has been found, in fact, that zeolite beta oay be prepared with 

silica: alumina ratios above the lOOsl maximum specified in U.S. 

Patents 3,308,069 and Re. 28,341 and these forms of the zeolite 

provide the best perfomance in the pnrcess. Ratios of at least 

50:1 and preferably at least 100:1 or even higher, for example e.g. 

250:1, 500:1 may be used. - 

The silica :alumira ratios referred to herein are the 

structural or framework ratios, that is, the ratio of the SiO^ to 

4 

the AlO^ tetrahsdra which together constitute the structure of 
which the zeolite is composed. It should be understood that this 
ratio nay vary from the silicas alumina ratio determined by various 
physical and chenical methods. For example', a gross chemical 
analysis my incliole aliMmim which is present in the form of 
cations associated with the acidic sites on the zeolite, thereby 
giving a low silica :alumina ratio. Similarly, if the ratio is 
determined by the thermogravimetric analysis (TGA) of ammonia 
desorption, a low ammonia titration may be obtained if cationic 
aluminum prevents exchange of the ammonium ions onto the acidic 
sites. These disparities are particularly troublesome when certain 
tr atments such as the dealuminization method described below, which 
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result in the presence of ionic alurairuun free of the zeolite 
structure, are employed. Due care sNauld therefore be taken to 
ensure that the framework silica saliMna ratio is correctly 
determir^o 

The silicasaluniina ratio of the zeolite may be determined 
by thR rature of the starting naterials used in its preparation and 
their quantities relative one to another. Some variation in the 
ratio may therefore be obtained by changing the relative 
concentration of the silica precursor relative to the alumina 
precursor but definite limits in the maximum obtainable 
silicas alumina ratio of the zeolite may be observedo For zeolite 
beta this limit is usually about IpOsl (although higher ratios may 
be obtained) and for ratios above this value, other methods are 
usually necessary for preparing the desired high silica zeolite. 
One such method ccMi?)rises dealiMnation by extraction with acid and 
that method conprises contacting the zeolite with an acid, 
preferably a mineral acid such as hydrochloric acid. The 
dealumlnization proceeds readily at anbient and mildly elevated 
temperatures and occurs with minimal losses in crystallinity, to 
form hi^ silica forms of zeolite beta with silica:alumina ratios of 
at least 100:1, with ratios of 200 si or even hi^er being readily 
attaireible. 

The zeolite is conveniently used in the hydrogen form for 
the dealumlnization process althojgh other cationic forms may also 
be employed, for example, the sodiian form. If these other forms are 
used, sufficient acid shtwld be employed to allow for the 
replacement by protons of the original cations in the zeolite 6 The 
arraunt of zeolite in the zeoloite/acid mixture should gererally be 
from 5 to 60 percent by wei^t. 

The acid may be a mineral acid, i.e., an irorganic acid or 
an organic acid. Typical inorganic acids which can be en^iloyed 
include mineral acids such as hydrochloric, sulfuric, nitric and 
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phosphoric acids, peroxydisulfonic acid, dithionic acid, sulfamic 
acid, peroxymimosulfuric acid, araidodisulfonic acid, nitrosulfonic 
acid, chlorosulfuric acid, pyrosulfuric acid, and nitrous acido 
Representative organic acids which may be used include formic acid,' 
trichloroacetic acid, and trifluoroacetic acid. 

The concentration of added acid should be such as not to 
lower the pH of the reaction mixture to an undesirably low level 
which could affect the crystallinity of the zeoUte undergoing 
treatment o The acidity which the zeolite can tolerate will depend, 
at least in part, upon the silica/alumina ratio of the starting 
lEaterialo Generally, it has been found that zeoUte beta can 
withstand concentrated acid without undue loss in crystallinity but 
as a general guide, the acid will be from Od N to 4„0 N, usually 1 
to 2 N. These values hold good regardless Of the silica salumina 
ratio of the zeolite beta starting material. Stronger acids tend to 
effect a relatively greater degree of aluninum removal than weaker 
acids. 

The dealuminization reaction proceeds readily at ambient 
tonpsratures but mildly elevated temperatures nay be eiployed e.g. 
up to loooc. The duration of the extraction will affect the 
silica saluinina ratio of the product since extraction, being 
diffusion controlled, is time dependent. However, because the 
zeolite becomes progressively more resistant to loss of 
crystallinity as the silicasalumina ratio Increases i.e. it becomes 
more stable as the aluminum is renoved, higher temperatures and more 
concentrated acids may be used towards the end of the treatment than 
at the beginning without the attendant risk of losir^ crystallinity. 

After the extraction treatment, the product is water-washed 
free of impurities, preferably with distilled water, until the 
effluent wash water has a pH within the approximate range of 5 to 8. 
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The crystalline dealiMnized products obtained by the 
method of this invention have substantially the same 
crystallographic structure as that of the starting aluminosilicate 
zeolite but with increased silicas alumina ratios. The formula of • 
the dealuminized zeolite beta will therefore be 
[^(li0ol-X)H]A102oVSi02.WH20 

where X is less than 1, preferably less than 0.75, Y is at least 
ICO, preferably at least 150 and W is up to 60. M is a metal, 
preferably a transiUon metal or a metal of Groups lA, 2A or 3A, or 
a mixture of metals . The silica: alumina ratio, Y, will generally be 
in the range of lOOsl to 5C0sl, more usually 150§1 to 3C0sl, for 
example 200:1 or more. The X-ray diffraction pattern of the 
dealuminized zeoUte will be substantially the same as that of the 
original zeolite, as set out in Table 1 above. 

If desired, the zeolite may be steamed prior to acid 
extraction so as to increase the silica salumina ratio and render the 
zeolite more stable to the acid- The steaming may also serve to 
increase the ease with which the acid is removed and to promote the 
retention of crystallinity during the extraction proceAjre. 

The zeolite beta is preferably used in combination with a 
hydrcgsnating component which is usually derived from a metal of 
Groups VA, VIA or VIIIA of the Periodic Table. Preferred non-noble 
Ratals are such as ti^tgsten, varadiura, molybdenum, nickel, cobalt^, 
chromium, and manganese, and the preferrred noble metals are 
platinum, palladium, iridium and rhodium. Combinations of non-noble 
metals such as ccbalt-fliolybdenum, cobalt nickel, nickel-tungsten or 
cobalt-nickel-tungsten are exceptionally useful with many feedstocks 
and, in a preferred ccmbiration, the hydrogenation component 
comprises from 0.7 to about 7 wt.?5 nickel and 2.1 to about 21 wt.« 
tungsten, expressed as nstal. The hydrogenation ccnpDnent can be 
exchanged onto the zeolite, impregnated into it or physically 
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admixed with ito If the metal is to be inpregnated into or 
exchanged onto the zeolite » it may be doTOp for example ^ by treating 
the zeolite with a platinum iretal-containing iono Suitable platinum 
compounds include chloroplatinic acidj platinous chloride and 
various compomds containing the platinum ammine complex o 

The catalyst may be treated by conventional pre-sulfidir^ 
treatments, for example by heating in the presence of hydrogen 
sulfide, to convert oxide forms of the metals such as CoO or NiO to 
their corresponding sul fides « 

The metal compounds may be either canpounds in which the 
metal is present in the cation of the compound and compounds in 
which it is present in the anion of the compound » Both types of 
ccmpojnds can be usedo Platinum compcwnds in which the metal is in 
the form of a cation or cationic conplex, for example, 
Pt(!sMj)^Cl2, are particularly useful, as are anionic conplexes 
such as the vanadate and metatungstate ionSo Cationic forms of 
other metals are also very useful since they may be exchanged onto 
the zeolite or impregnated into itc 

Prior to use the zeolite should be dehydrated at least 
partially. This can be dor^ by heating to a temperature in the 
range of 200°C to 600*^0 in air or an inert atirasphere such as 
nitrogen for 1 to Njurso Dehydration can also be performed at 
lower t^eratures merely by using a vacuisn, but a lorger time is 
required to obtain a sufficient amount of dehydrationo 

It may be desirable to incorporate the catalyst in another 
material resistant to the temperature and other conditions employed 
in the process. Such natrix materials include synthetic and 
naturally occurring substances such as inorganic materials, for 
example clay, silica and metal oxides. The latter may be either 
naturally occurring or in the form of gelatinous precipitates or 
gels including mixtures of silica and metal oxides, hfeturally 
occurring clays can be canposited with the zeolite including those 
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of the montiRorlll(nnite and kaolin families. The clays can be used 
in the ra» state as origirally mined or initially subjected to 
calcination, acid tieatntsnt or chemical modification . 

The zeolite n»y be contposited with a porous matrix 
iietterial, such as alumina, silica-aliMna, silica-magnesia, 
silica-zirconla, sllica-thoria, silica-berylia, silica-titania, as 
well as temiary ccmipositions, such as silica-alumina-thoria, 
silica-aluniina-zirc(»iia, magnesia and silica-magnesia-zirconia. The 
matrix may be in the form of a cogel. The relative proportions of 
zeolite ccniponent and Irarganic oxide gel natrix on an anhydrous 
basis may vary nidely with the zeolite content ranging fron 10 to 
99, more usually 25 to 80, percent by wei^t of the dry composite. 
The matrix itself may possess catalytic properties, generally of an 
acidic nature. 

The feedstock for the prcK^ess of the invention contprises a 
heavy hydrocarbon oil such as a gas oil, cdcer tower bottoms 
fraction, reduced crude, vacui^ tower bottoms, deaspl^ted vacuisn 
resids, FCC tower bottoms, or cycle oils. Oils derived from coal, 
shale, or tar sands may also be treated in this way. Oils of this 
kind generally boil above 343°C although the process is also useful 
with oils which have initial boiling points as low as 260(*C. These 
heavy oils contprise high molecular weight long chain paraffins arej 
high molecular weight aromatics with a large proportion of fused 
ring aronatics. During the processing, the fused ring aron»tics and 
naphthenes are cracked by the acidic catalyst and the paraf finic 
cracking products, together with paraf finic compOTents of tte 
initial feedstock uratergo conversion to iso-paraffins with some 
cracking to lower molecular weight materials. F^drogenation of 
iffisaturated side chains on the monocyclic cracking residues of the 
origiral polycyclics is catalyzed by the hydrogenation conf)onent to 
form substituted morex:yclic aromatics which are highly desirable end 
products. The heavy hydrocarbon oil feedstock will normally certain 
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a substantial amount boiling above 230oc and will normally hav an 
initial boiling point of about 290*0, more usually about 3W°C. 
Typical boiling ranges will be about yiQo to 565«»C or about 340oc to 
SIO^C but oils with a rarrower boiling rarge roay, of course, be 
processed, for example, those with a boiling range of about 340° to 
A550C0 Heavy gas oils are often of this kind as are cycle oils and 
other non-residual materials. It is possible to co-process 
materials boiling below 260»C but the degree of conversion will be 
lower for such components. Feedstocks containirg lighter ends of 
this kind will normally have an initial boiling point above 150»C. 

The process is of particular utility with highly paraffinic 
feeds because, with feeds of this kind, the greatest improvement in 
pour point nay be obtained. However, most feeds will contain a 
certain content of polycyclic axomatics. 

The process is carried cut under conditions similar to 
those used for conventional hydrocrackirg althou^ the use of the 
highly siliceous zeolite catalyst permits the total pressure 
requirements to be reduced. Process temperatures of 230°C to 5C0°C 
nay conveniently be used although tanperatures above 425«»C will 
normally not be employed as the thermodyramics of the hydrocracking 
reactions become unfavorable at temperatures above this point. 
Generally, tenperatures of 3C0»C to A25»C will be employed, total 
. pressure is usually in the range of 500 to 20,000 kPa and the higher 
pressures within this range over 7000 kPa will normally be 
preferred. The process is operated in the presence of hydrogen and 
hydrogen partial pressures will normally be fran 600 to 6000 kPa. 
The ratio of hydrogen to the hydrocarbon feedstock (hydrogen 
circulation rate) will normally be from 10 to 3500 n.1.1"^. The 
space velocity of the feedstock will normally be from 0.1 to 20 
UBV, preferably 0.1 to 10 LHSV. At low conversions, the 
n-paraffins in the feedstock will be converted in preference to the 
iso-paraf fins but at higher conversions under more severe conditions 
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the iso-paraffins will also be converted o The product is low in 
fractions boiling below 150^C and in most cases the product will 
teve a boiling range of 150** to 3A0°Co 

The conversion may be carried out by contacting the 
feedstock with a fixed stationary bed of catalyst , a fixed fluidized 
bed or with a transport bedo A simple configuration is a 
trickle-bed q^eration in which the feed is allowed to trickle 
through a stationary fixed bedo With such a configuration^ it is 
desirable to initiate the reaction with f rjesh catalyst at a moderate 
temperature tMch is of course raised as the catalyst ages^ in order 
to Bfflintain catalytic activity o The catalyst may be regenerated by 
contact at elevated t^nperature with hydrogen gas^ for exanple^ or 
by burning in air or other oxygen-containing gaSo 

A preliminary hydrotreating step to remove nitrogen and 
sulfur and to saturate aroiratics to naphthenes without substantial 
boiling range conversion will usually inprove catalyst performance 
and permit lower tsnperatureSj higher space velocities ^ lower 
pressures or contoirations of these conditions to be employed » 

The process of the invention is illustrated by the 
following Examples o All parts and proportions in these Examples are 
by weight unless stated to the contrary o 
EXAMPLE 1 

This Example illustrates the preparation of a catalyst o 
A mixture of zeolite beta (Si02/Al2Dj=30) having a 
crystallite size of less than 0o05 microns and an ec^l amount gamira 
alumina on an ardiydrous basis was extruded to form lo5 mmo pellets » 
The pellets were calcirod at 540**C in nitrogen ^ magnesium exchanged ^ 
and then calcined in air^ 

One hundred grams of the air-calcined extrudate was 
Impregrated with 13o4 grams of ammonium metatungstate (72o3KW) in 60 
ml of water 5 followed by drying at 115°C and calcination in air at 
5^<*Co The extrudate was then impregnated with ISd grams of nickel 



|t^)tahydrate in 60 ml of mtei:^ and the pellets dried and 
calcined at 540«^Co 

The f iral catalyst had a nickel content of about 4 weight 
percent as NiO and a calculated tur^ten cc^tent of atout lOoO 
wei^ percent as WO^o The sodium content was less than 0o5 
t:;eight perc^t as sodium oxide « 
Btample 2 

This example describes the preparation of high silica 
zeolite betao 

A sample of zeolite beta in its as-synthesized form and 
having a silica; alumina ratio of 30 si ^bs calcined in flo\;;ring 
nitrogen at 500°C for 4 hours, followed by air at the same 
tsitperature for 5 hours o The calcined zeolite was then refluxed 
with 2N hydrochloric acid at 95**C for one hour to produce a 
dealuiainized; hi^ silica form of zeolite, beta having a 
silica salumirm ratio of 2BQil^ an alp^ value of 20 and a 
crystallinity of 80 percent relative to the original , assumed to be 
100 percent crystalline o 

The zeolite was exc^^&nged to the ammonium form with 1 N 
ammonium chloride solution at 90^C reflux for an hour followed by 
the exchange with 1 N magrtesium chloride solution at 90^C reflux for 
an houro Platinum was introctuced into the zeolite by ion-exchange 
of the tetrammine ccmtplex at room traiperatureo The metal exchanged 
zeolite was thoroughly washed and oven dried by air calcination at 
350°C for 2 hours o The finished catalyst cmtained 0o6 percent 
platinum and was pelletted^ crushed and sized to 0o35 to 0o5 mmo 
EXW<PLES 3-5 

The catalyst of Example 1 was evaluated for the catalytic 
conversion of an Arab Light gas oil (HVGO) having a boiling range of 
354*^ to 580®Co For comparison, a magnesium exchanged zeolite Y 
(SiOg/AlgOjsS) catalyst was also composed by extrusion with an 
equal amount of gamma alumir^ and inq3regnation to contain 4 weight 
percent nickel and 10 weight percent tungsten o 
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The feedstock composition, conditions used and product 
analysis are given in Table 2 below. 

TABLE 2 



Example No. 
Catalyst 



Hydrocracking/Dewaxing 
Feed 



Oonditlons: 
Temp.,'C 
Piessure, kPa 
LHSV, hr-l 
H2, n.1.1.-^ 
H2 Consumption, n.l.l"-"- 
343°C + Conversion, wt. X 

Properties ; 

Dry Gas * C4 
C5 - I650C Naptha, wt. % 
165«>C - 343«»C Distillate, wt. %■ 
343»C + wt. X 
343»C ♦ Pour Point, 'C 
343»C ♦ 95K TBP, •C 

343'>C-t- Pr(»erties; 

Gravity, "API 

(Vdrogen, Wt.X 

Sulfur 
Nitrogen 

Pour Point »C 

Paraffins, vol.X 

Naphthenes, vol. X 

Aroroatics, vol.X 

As shown above in Table 2, at a relatively high conversion 
of approximately 60 percent, the beta catalyst significantly lowered 
the pour point of the 343'*C-<- product whereas the products cditained 
with zeolite Y catalysts remained waxy. Additionally, the beta 
catalyst converted considerably more of the high boiling components 
in the charge which resulted in a 343»C+ product endpoint about 55«»C 



- 


Mg Beta 


MgY 






414 




7nnn 




•* 


n KA 


U* /X 




1674 


1318 




125 


193 




62. Z 






3.5 


4.1 




16.6 


24.7 




40.6 ' 


26.3 


100 


37.8 


44.0 


40 


-1 


35 


552 


468 


528 


22.0 






12.07 


12.7 


13.7 


2.45 


0.04 


0.03 


600 


80 


18 


40 


-1 


35 


24.0 


31 


40 


25.3 


28 


35 


50.7 


41 


25 



la»er than (Atair^ with the catalyst of Example 4. The hydsogen 
consumption was also notably lower whether on an absolute basis or 
relative to ccnversiono 

For ccniparlscn with Example 3, a similar Arab Light HVGO 
having a boiling range of J70» to 55(yc was hydrocracked over a rare 
earth excJwtgsd ultrastable zeolite Y (SiOgSAlgO^ -75). The 
zeolite was prepared by steam calcination and acid dealuminizaticn 
of zeoHte Y to a framework SlO^ofilji^ ratio of 75il, followed 
by rare earth exchange, extrusion with an equal amount of gamna 
alumira) and impregr^tion to contain 2 wei^t percent nickel and 7 
weight percent tungsten. 

The feedstock compositionj, conditions used and product 
amlysis are given in Table 3 below. 
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TABLE 3 

>Vclrocracking over REY Catalyst 

Example No. Feed 5 
Conditions; 

Temp.,«C - 416 

Pressure. kPa - 7000 

LHSV, hr-1 , - 0.67 

H2, n.l.l.-J- - 1338 

Hy Consumption, n.l.l'^ - 143 

3430c -I- Conversion, wt. X - 60.4 

Properties ; 

Dry Gas * - 3.6 

C5 - I650C Naptha, wt. X - 14.2 

165°C - 343°C Distillate, wt. X - 41.4 

343°C -I- wt. X 100 39.6 

343»C + Pour Point, ^C 43 32 

343«>C + 95K TBP, "C 540 504 

343°C-t- Properties: 

Gravity, "API 21.7 — 

hydrogen, Wt.X 12.17 13.26 

sulfur 2.41 0.01 

Nitrogen 550 : 33 

Pour Point "C 43 32 

Yields ; 

Paraffins, vol.X 19 41 

Naphthenes, vol. X 27 26 

Aronatlcs, vol.X 54 33 
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CLAIMS 

1p a process for cracking and dewaxing a heavy hydrocarbon 
oil which comprises contacting the oil with a catalyst coniprising 
zeolite betao 

2o A process according to claim 1/ in which the oil is 
contacted in the presence of hydrogen with a catalyst conipriising (i) 
zeolite beta as an acidic component and (ii) a hydrogenation 
component o 

3o A process according to claim 2p in which the zeolite 
beta has a silicas alumina ratio greater than 50slo 

4o A process accordir^ to claim 2 or claim 3^ in which the 
hydrcgeration component comprises nickel , tungsten^ ccAialt; 
molybdenum or a mixture of any two or more such metals o 

5o A process according to claim 4^ in which the 
hydrcgeration component comprises nickel and turgsteno 

6o A process according to claim 2 or claim 3 9 in which the 
hydrc^enation component comprises platinum, palladiumi^ iridium, 
rhodiwn or a combination of any two or more such metalSo 

7o A process according to any one of claims 1 to 6, in 
which the oil has an initial boiling point above 290°Co 

80 A process according to claim 7, in whicii the oil has an 
initial boiling point above 340°Co 
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9. A process accoiding to claim 8, in which the oil has a 
boiling point from 3A0« to 565*»C. 

10. A process according to any one of claims 2 to 9, in 
which the oil is contacted with the catalyst in the presence of 
hydrogen gas at a temperature of 2300C to SOO°C, a pressure of 500 
to 20,000 kPa, a space velocity of 0.1 to 20 and a hydrogen 
circulation rate of 10 to 3500 n.1.1"^. 
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